Abstract Serosorting, the practice of selectively engaging in unprotected sex with partners of the same HIV serostatus, has been proposed as a strategy for reducing HIV transmission risk among men who have sex with men (MSM). However, there is a paucity of scientific evidence regarding whether women engage in serosorting. We analyzed longitudinal data on women's sexual behavior with male partners collected in the Women's Interagency HIV Study from 2001 to 2005. Serosorting was defined as an increasing trend of unprotected anal or vaginal sex (UAVI) within seroconcordant partnerships over time, more frequent UAVI within seroconcordant partnerships compared to non-concordant partnerships, or having UAVI only with seroconcordant partners. Repeated measures Poisson regression models were used to examine the associations between serostatus partnerships and UAVI among HIVinfected and HIV-uninfected women. The study sample consisted of 1,602 HIV-infected and 664 HIV-uninfected women. Over the follow-up period, the frequency of seroconcordant partnerships increased for HIV-uninfected women but the prevalence of UAVI within seroconcordant partnerships remained stable. UAVI was reported more frequently within HIV seroconcordant partnerships than among serodiscordant or unknown serostatus partnerships, regardless of the participant's HIV status or types of partners. Among women with both HIV-infected and HIVuninfected partners, 41% (63 HIV-infected and 9 HIVuninfected) were having UAVI only with seroconcordant partners. Our analyses suggest that serosorting is occurring among both HIV-infected and HIV-uninfected women in this cohort.
Introduction
The concept of serosorting was first described by Suerez et al. [1] and Suarez and Miller [2] as an HIV risk reduction strategy whereby individuals choose to engage in unprotected sex only with those whom they believe are of the same HIV serostatus. To date, most research addressing serosorting has been conducted among men who have sex with men (MSM). In these studies, the evidence of serosorting was inferred by: (1) an increasing rate of unprotected sexual intercourse with HIV seroconcordant partners over time [3] [4] [5] ; (2) an elevated risk of unprotected sex among HIV seroconcordant versus serodiscordant or unknown sexual partnerships [6] [7] [8] ; or (3) individuals reporting unprotected sex only with their seroconcordant partners, but not with other partners [9] [10] [11] . Other studies have examined serosorting directly by asking study participants whether they selectively had unprotected sex with partners of seroconcordant status [12] [13] [14] .
Although the practice of serosorting has been used as an alternative for condom use, it is not risk-free. For example, the risk for HIV infection exists in sexual partnerships where the perceptions of the partner's serostatus are inaccurate [11, 15, 16] . Since unprotected heterosexual intercourse accounts for 80% of new HIV diagnoses among women in the United States [17] and there is very little information available regarding the practice of serosorting among women, we examined the relationships between condom use practices and partner HIV serostatus among HIV-infected and HIV-uninfected women enrolled in the Women's Interagency HIV Study (WIHS). The WIHS is a longstanding prospective cohort study of HIV/AIDS among women in the United States.
Methods

Study Design
The Women's Interagency HIV Study (WIHS) is a multicenter prospective cohort study that was established in 1994 to investigate the progression of HIV in women with or at risk for HIV. A total of 3,766 women (2,791 HIVinfected and 975 HIV-uninfected) were enrolled in either 1994-1995 (n = 2,623) or 2001-2002 (n = 1,143) from six United States cities [New York (Bronx and Brooklyn), Chicago, Los Angeles, San Francisco and Washington DC] [18] . Every 6 months, participants complete a comprehensive physical examination, provide blood specimens for CD4 cell count and HIV RNA determination, and complete an interviewer-administered questionnaire, which collects data on demographics, disease characteristics, and specific antiretroviral therapy use. The study was approved by the institutional review board at each site and written informed consent to participate in study activities was obtained from each participant.
For this study, we restricted our analysis to study visits between October 2001 and September 2005, when detailed questions were asked about each woman's sexual behavior. All sexually active participants who completed at least two study visits during the observation period were included. The index visit was defined as the first visit observed in or after October 2001 for each participant.
Variable Definitions
At each study visit, every participant was asked detailed questions about sexual behavior with each of her 5 most recent male sexual partners in the past 6 months, including whether the partner was a husband, boyfriend or lover (characterized as a 'main' partner in our analysis). Other types of partners were codified as being 'casual' partners. We also assessed whether the partner was new (defined as a sexual relationship initiated since the last study visit). In addition, each woman was asked whether she had disclosed her HIV status to her partner and whether the partner had disclosed his HIV status (HIV-infected, HIV-uninfected, or unknown) to her. For this analysis, we categorized each partnership based on the woman's HIV serostatus and the perceived HIV serostatus of her partner as seroconcordant, serodiscordant, or unknown serostatus. Unprotected anal or vaginal intercourse (UAVI) was defined as using condoms either 'sometimes' or 'never' (versus 'always'). We examined the following as indicative of serosorting: (1) increasing trend of UAVI within seroconcordant partnerships over time [3] [4] [5] ; (2) UAVI reported more frequently with partners of the same HIV status than with partners of a different or unknown HIV status (i.e., non-concordant HIV status) [6] [7] [8] ; or (3) the observation that participants with sexual partners of different HIV status had UAVI only with their seroconcordant partners [9] [10] [11] ;
Demographic variables such as age, race/ethnicity (White non-Hispanic, Black non-Hispanic, Latina/Hispanic and Other), educational achievement (less than high school, completed high school, and some college and above), and annual gross income (B$12,000 vs. [$12,000 per year) were determined at the index visit. The following covariates were reported at each study visit and were dichotomized as 'yes' vs 'no': use of cocaine (including crack) or heroin (CCH), having a HIV-positive partner, having a new partner or having a casual partner since last study visit. The number of male sexual partners and consistency of condom use with all partners were also included. In order to ascertain perception of HIV risk in the HAART era, the women were also asked to respond on a 5-point Likert scale to the following statement: ''Because of combination drug treatments for HIV, I am less concerned about getting HIV or infecting someone else'' [19, 20] . Responses were re-categorized as strongly agree/agree, uncertain and disagree/strongly disagree. At each study visit, total CD4? T cells/mm 3 were determined using standardized three or four color flow cytometry [21] . AIDS diagnosis was determined using the CDC 1993 criteria, and HAART was defined following the Department of Health and Human Service/Kaiser Panel guidelines [22] .
Statistical Analyses
Central tendency statistics such as percentage and mean were used to describe participant characteristics. Since UAVI was not a rare event in this longitudinal study, estimated odds ratios from logistic regression might have been biased [23] . Thus, a repeated-measures Poisson regression model (generalized estimating equations method) was used. The probability of UAVI within seroconcordant partnerships was estimated and its trend was examined. Associations between serostatus partnership and UAVI with all partners were assessed separately for HIVinfected and HIV-uninfected women. We further examined each model stratified by subgroups of partners such as main, casual or new partners. Adjusted prevalence ratios and their 95% confidence intervals were determined after taking into account within-individual correlations and adjusting for age, educational achievement, income, CCH use and perception of HIV risk in the HAART era. These covariates were selected based on their associations with sexual risk behavior established in previous studies [24, 25] . Statistical significance level was set at P \ 0.05 in our analyses.
Results
Characteristics of the Participants
A total of 2,266 women (1,602 HIV-infected and 664 HIVuninfected) met the selection criteria and contributed 11,931 person visits. Participants had a median follow-up of 2.5 years (interquartile range: 1.8-3.4 years) during this period. Characteristics of the study participants at the index visit by HIV status are shown in Table 1 . Of these participants, about 57% were Black, 33% had some college education, 50% had annual income below $12,000 per year and 75% were still concerned about the risk of HIV transmission in the era of HAART. While HIV-uninfected participants were younger and less likely to report having had an HIV-infected partner, they reported higher numbers of male sexual partners, a larger percentage of casual or new partners, a higher level of inconsistent condom use, and more CCH use. Among the HIV-infected women at the index visit, 58% were using HAART, 38% had received an AIDS diagnosis and their median CD4? T cell count was 447 cells/mm 3 .
Trends in HIV Status Communication, HIV Seroconcordance and UAVI On average, 86% of women disclosed their HIV status to partners across study visits. However, only 76% of male partners disclosed their status. Communication of HIV status between women and their partners increased significantly over time. Furthermore, prevalence of seroconcordant partnership steadily increased (P \ 0.01) for HIV-uninfected women, but remained stable (P = 0.62) for HIV-infected women (Fig. 1) . In addition, the prevalence of UAVI within seroconcordant partnerships remained relatively stable over time for both HIV-infected (P = 0.51) and HIV-uninfected women (P = 0.20).
UAVI as a Function of HIV Seroconcordant Partnership
In the multivariate analyses, after adjusting for age, education, income, CCH use and perception of HIV risk in the HAART era, both HIV-infected (prevalence ratio (PR): 1.62; 95% confidence interval (CI): 1.53-1.71) and HIVuninfected (PR: 2.30; 95% CI: 1.86-2.85) women had substantially more UAVI with their seroconcordant partners than with partners of opposite HIV status (Table 2) . Further analyses stratified by main, casual or new partners showed similar results, except that for HIV-uninfected women, no significant associations were observed between serostatus partnerships and UAVI with their new or casual partners. Since this lack of association was likely due to small number of serodiscordant partners, we repeated the analyses using non-concordant (discordant and unknown serostatus) partnership as reference group. We found similar results; for both HIV-infected and HIV-uninfected women and all types of partners, seroconcordant partnerships was significantly associated with more frequent UAVI compared to non-concordant partnerships (data not shown).
UAVI among Women with both HIV Seroconcordant and Nonconcordant Partners
To further examine possible serosorting in this study, we restricted our analysis to those study visits (from 154 HIVinfected and 23 HIV-uninfected) where a participant reported both HIV seroconcordant and nonconcordant sexual partners. For these women, about 41% (63 HIVinfected and 9 HIV-uninfected) reported they had UAVI only with seroconcordant partners, but not with serodiscordant or unknown partners. Furthermore, 44 women (39 HIV-infected and 5 HIV-uninfected) reported having UAVI only with seroconcordant partners during the entire follow-up period.
Discussion
We found a high prevalence of HIV status disclosure among WIHS women and their partners, which is consistent with AIDS Behav (2011) 15:9-15 11 Crack, cocaine and heroine use: n(%) 121 ( findings from previous studies [7, 26, 27] . In addition, trends in HIV status communication increased steadily over time. Prevalence of seroconcordant partnerships has increased for HIV-uninfected women but remained stable for HIV-infected women. However, trends in UAVI remained stable within seroconcordant partnerships, which is not congruent with results from some studies among MSM [3] [4] [5] . For HIV uninfected women, this pattern of increased seroconcordant partnership, but no change in UAVI over time is important to note, because inaccurate perception or reporting of a partner's HIV status could put them at risk of HIV infection. Both HIV-infected and HIV-uninfected women had more frequent UAVI with HIV seroconcordant partners than with partners of opposite or unknown status regardless of whether the partners are main, casual or new partners. These findings are consistent with those observed among MSM [6] [7] [8] . Furthermore, we also demonstrated that about 41% of women with both HIV seroconcordant and nonconcordant partners reported having UAVI only with their seroconcordant partners, but not with other types of partners. These findings are consistent with the original serosorting definition by Suerez et al. [1] , Suarez and Miller [2] and the condom serosorting concept recently proposed by Snowden et al. [28] .
Although the practice of limiting unprotected sex to HIV seroconcordant relationships has been suggested as an effective risk reduction strategy [3, 29] , methods for ascertaining a partner's serostatus are often faulty. Partners may not be aware of their serostatus or may not choose to disclose it, thereby placing those sexually engaged with them at risk for infection [11, 15, 16] . Our analysis showed that women in the WIHS might be at risk of HIV transmission due to perceived serosorting. In addition, HIV-uninfected women in the WIHS remained vulnerable to HIV infection as a result of having unprotected sexual intercourse with serodiscordant partners.
The strengths of our study include a longitudinal cohort design, a large sample size and well characterized high quality data. However, there are some limitations. First, we collected data only on women's sexual behavior with her 5 most recent partners in the past 6 months. However, at 94% of study visits, women in this cohort reported no more than 5 partners and these reported partners likely account for most of these women's sexual episodes. Second, we did not measure serosorting directly, in that we did not assess whether relationships between HIV partner concordance and condom use were mediated by decision making regarding the risk of HIV transmission/acquisition given the serostatus of a woman's sexual partner. Hence, the women's decision making as it pertained to having UAVI among the seroconcordant, discordant or unknown status of sexual partnerships remains unexplained in this study. Our observation of what appears to be serosorting practice warrant further investigation. Third, the accuracy of the perceived HIV status of the partner is unknown. 
Conclusion
In summary, both HIV-infected and HIV-uninfected women in the WIHS practice serosorting. Future studies on serosorting among women should explore the intent and perceived effectiveness of serosorting to prevent HIV infection, so that targeted, resilient interventions can be developed for those populations most at risk.
